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This invention relates to a motor spaed control arrangement for a washing machine of the type having 
a laundry drum which is rotatable about a substantially horizontal axis by an electric motor which is 
provided with a tachogenerator having an a.c. output signal which is proportional to the speed of the motor 
and. hence, of the drum, the arrangement being arranged for connection to aaid motor and tachogenerator 
to form a speed control loop whereby the motor speed may be automatically brought to a waah speed at 
which the laundry articles may be washed and then to a higher (spin) speed at which the articles may be at 
laast partially spin-dried, the control arrangement being provided with means for causing the motor to 
drive the drum relatively slowly through an intermediate distribute speed range to enable the articles to be 
distributed evenly around tho drum to a "given speed" at which the articles have become retained in a 
substantially fixed position relative to the drum by centrifugal force before the control arrangement causes 
the motor speed to increase to the required spin speed. 

It is known in automatically controlled washing machines that if, at the end of a waah cycle, the free 
washing liquid is drawn off and then the speed is increased to the spin speed for spin-drying the articles of 
the laundry, the drum sometimes develops an uneven bumping action and that this can lead to damage to 
the machine. The reason for the bumping is that when the free liquid is withdrawn from the drum, the 
articles mass together In the lowest portion of the drum. As the speed is increased, the clothes are tumbled 
In a random manner until a critical speed is reached where the centrifugal forca on the articles due to the 
rotation is equal to the force of gravity. Thereafter the articles remain in a substantially fixed position in the 
drum until tho spaed is reduced ta below the critical spaed. In many cases, If the speed is increased rapidly 
from the wash speed to the spin the articles do not distribute themselves evenly around the drum before 
the critical speed is reached. As a result, the drum load is out of balance and, as the speed increases further, 
this unbalanced load can cause vibration and bumping of the drum and possible damage to the suspension 
meena for the drum. 

Accordingly it is known to provide an intermediate distribute cycle in which the drum speed ia slowly 
increased from the wash speed to the critical speed. This slow increase in speed, usually referred to aa the 
distribute speed ramp, or simply as the distribute ramp, allows the articles sufficient time to distribute 
themselves relatively evenly around the drum before the critical speed ia reached. See, for example GB 
Patent No. 1,286.691. ' 

The laundry load may, however, comprise or Include a large single article such as a bath towel or 
blanket and this may become tangled, or perhaps even knotted, during the washing cycle. As a result, this 
article may not be able to distribute itself evenly round the drum even if the critical speed is approached 
fairly slowly. Accordingly it Is known to provide a mechanical out of balance test before Increasing The 
drum speed to the spin value. Such testa are affected by detecting the mechanical movement of the drum, 
in a direction radially outwards of the drum axis, which results from an unbalanced load. If such an out of 
balance is detected, the motor is switched off to prevent damage to the drum and an alarm may also be 
given to warn the user of the machine that the load needs to be redistributed. 

Such a mechanical system, however, has several disadvantages. The mechanical means has to be 
40 accurately adjusted on every machine as a compromise between a tolerable small drum displacement 
which would not causa any damage and a slightly larger displacement which even if It may not lead to any 
damage, nevertheless causes an unpleasant bumping sound which may worry the machine user Further 
the provision, assembly, and adjustment of the mechanical means rasuita in a noticeably Increased selling 
price for the washing machine. Also, of course, unbalanced drum conditions must in fact produce adverse 
movement of the drum' for the movement to be detected. Such movement can lead to the reduction of the 
life of the drum suspension means. 

It ia an object of the invention at least to mitigate the abovementloned disadvantages. 

According to one aspect of the invention, there is provided a motor spaed control arrangement of The 

type! defined in the opening paragraph hereof, characterised in that the arangement includes means for 

maintaining said given speed for a given period, for monitoring the actual motor speed, as represented bv 

the tachogenerator output aignal, during this period, and for giving sn output signal If the tachogenerator 

output signal reveals that the motor speed changes during this period by more than a predetermined 

amount, which change in speed ia indicative of an unbalanced distribution of the laundry articles around 
the drum. 

It has now been racognizad that an out of balance load can be detected to any required degree of 
sensitivity by detecting any change in spaed of the motor whilst the control arrangement is arranged to try 
and maintain the speed constant at said given speed for a given period. 

The principal advantage of such an arrangement is that the detection of any drum out of balance is 
arretted by the arrangement itself and, since means for doing this can be provided in a monolithic 
integrated circuit together with the remainder of the arrangement there need be negligible increase in the 
cost of the arrangement. 

Another advantage over any mechanical system is that the required sensitivity of the detection is built 
into the speed detection circuit and Is hence constant Irraapectlvs of the particular mechanical arrangement 
l^ Um . ' tt 3Ufi P an ° l0n and a,ao °' variation in mechanical tolerances from machine to machine. 
Whilst the output signal may be used to switch off the washing machine and so prevent any damage 
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thereto, such switching off means chat the user has to open the machine, readjust the load, and then 
possibly reset the washing programme. One of the objects of an automatic washing machine programme 
Is that the user can leave the washing machine unattended during the programme. Thus the user may 
return to find that the programme has not been completed, which may be a considerable nuisance. In order 

$ to mitigate thia problem it is also known to provide a system of one or more counterbalance weights which 
automatically move to offset the affects of an unevenly-balanced laundry load. Again, the provision of such 
a mechanical system is relatively costly. 

The output signal may advantageously be used to cause the control arrangement to reduce the motor 
speed to the wash speed and then to pass through the intermediate speed range again, whereafter the 

to speed Is again monitored. This means that the washing machine automatically recycles itself and. if 
necessary, repeats the cycle until the out of balance teat produces no output signal, whereafter the machine 
continues safely to the spin cycle. This avoids the need for the user to monitor the operation of the machine 
and the programme will be completed because any out of balance of the drum has been detected and 
remedied. 

;i The output signal may preferably cause the motor to be stopped for a short time before the speed is 
taken back through the distribute range. This has the advantage that the articles of the load can fall to the 
lowest portion of the drum and then to be tumbled to a new random distribution arrangement while the 
speed is increased from zero to the given speed. 

The invention also relates to a method of controlling the motor speed of a washing machine of the type 

20 having a laundry drum which Is rotarable about a substantially horizontal axis by said motor which is 
provided with a tachogenerator having an output signal which ia proportional to the speed of the motor 
and, hence, of the drum, a speed control arrangement being connected to said motor and tachogenerator 
to form a speed control loop whereby the motor speed may be automatically brought to a wash speed at 
which laundry articles in the drum may be washed and than to a higher (spin) speed at which the articles 

j5 may be at least partially spin-dried, the method including the steps of driving the motor relatively slowly 
from the wash speed through an intermediate distribute apeed range to eneble the articles to be distributed 
relatively evenly around the drum, to a given speed at which the articles have become retained in a 
substantially fixed position relative to the drum by centrifugal force and subsequently increasing the motor 
speed to the spin speed, characterised in that the method further includes the steps of maintaining the 

jo motor speed at the said given spaed for a given period, monitoring the motor speed, as represented by the 
tachogenerator output signal, during this period, detecting whether the tachogenerator output signal 
reveals that the motor speed changes during this period by a given amount representative of unevenly 
distributed articles around the drum, and preventing the motor from increasing its speed to the spin speed 
if such a motor speed change Is detected. In general, an out of balance load causes the drum speed to vary 

35 above and below the given speed in a cyclic manner, the drop in speed below the given speed typically 
being greater then the increase above the given speed. For this reason, the drop in speed is the more 
readily detected. 

An embodiment of the invention will now be described with reference to the accompanying drawings, 
of which 

40 Figure 1 is a block schematic circuit of a motor speed control arrangement, and 

Figure 2 ia a block schematic circuit of means for controlling the distribute speed and for performing 
the out of balance test. 

Referring now to Figure 1 of the drawings, a motor 1 to be controlled by the control arrangement is 
arranged, in a manner not shown, to rotate the drum of a washing and/or spin drying machine and 

4& comprises a rotor 2 and a series stator winding 3. In operation, an a.c. mains voltage supply is connected to 
terminals 4 and 5 and the energy supplied to the motor from the mains supply is controlled by a 
semiconductor controlled switch 6 connected in series with the motor via output terminals 7 and 8 of the 
control system. A tachogenerator 9 is coupled to the rotor 2 so as to rotate therewith and to provide an a.c. 
output signal at terminal 11 whose frequency is directly proportional to the rotational speed of motor 1, 

so Terminal 11 id the control arrangement input terminal. 

Motor 1 may be a d,c. motor, in which case switch 6 could be a unidirectional thyristor criode which is 
fired via its control electrode 12 only in those alternate half cycles of the mains voltage supply having a 
polarity corresponding to that required by the motor. Preferably, however, the switch 6 ia a bidirectional 
thyristor (trlac) as shown which ia fired by a firing pulsa on control electrode 12 once in every half cycle of 

55 the a.c, mains voltage supply. In this case a d.c. motor may be used by rectifying the power supplied via 
switch 6 by a rectifier bridge circuit. Preferably, however, the motor ia an ax. motor. 

Terminal 11 is connected to the input of a signal processor 13 of the type which generates a single 
short-duration output pulse in every cycle of the output signal of tachogenerator 9, The output signal from 
processor 13 thus comprises a series of short pulaes which have a repetition rate squal to the frequency of 

so the tachogenerator signal. These pulses are fed to a divider 14 which is controlled via a speed control input 
SC to divid the pulses by a factor (e.g. 1. B, or 16) which depends upon the required target 9peed, as will be 
explained hereinafter. The output pulseo PL from divider 14 are fed to an up-counter IS together with clock 
pulses CP1 which have a repetition rate (e.g. 2.S kHz\ considerably higher than the highest tachogenerator 
frequency, 

ss The control arrangement is a digital system using synchronous logic. Counter IS is therefore of the 



3 



•IS-MAG/OOIGIO) 16:26 WHIRLPOOL-PATENTS 



FAX: +39 0332 759485 



P. 005 



0 071 308 

type which ouputa and clears its contents on receipt of a PL pulse and then starts counting the incoming 
clock pulses CP1 at the end of that pulse, If we assume that the division ratio of divider 14 is sat at unity 
then, in general, the maximum count PM' reached by counter 15 in each cycle of the tachogenerator signal 
is directly proportional to the period of that signal and, hence, is inversely proportional to the speed of the 
5 motor and drum during that cycle. We have found, however, that there ia no reason to retain this 
proportionality when the motor is going very slowlVi for example during a starting up period, since it is 
self-evident that if the value of PM* is greater than a given vary high value then a considerable increase of 
speed is needed and 90 a relatively coarse control can be used at this stage. This haH the advantage that the 
capacity of the counter can be determined purely on the basis of the degree of "fineness" of control that ia 
to required. We have found that a seven-bit digital counter (i.e. a maximum count value of 127) gives an 
adequately fine control in practice. 

At the next PL pulse, the contents of counter 15 are fed in parallel into a down-counter 16 and then 
cleared from counter 15. Thus during the next cycle of the tachogenerator output frequency, counter 15 
counts up to a new value PM (which may or may not be equal to the value PM') and counter IB 

/5 simultaneously down-counts by PM to a value A=»(PM'-PM) which may be positive, negative, or 2ero 
according to whether the motor has respectively increased, decreesed. or not changed its speed since the 
previous cycle represented by PM'. Thus the value of A is a function of the acceleration of the motor. At the 
end of the second cycle, that is to say on arrival of the third PL pulse, the value A=(PM J -PM) and its sign is 
latched into a first store 17. Thus a respective acceleration function A ia produced in the first store 17 for 

20 every cycle of the tachogenerator output signal frequency. This acceleration tarm A and an error term £ (to 
be described) are usad at the beginning of each half cycle of the mains voltage supply to compute the 
required firing angle during that half cycle. To ensure that the latest values for A and £ are used, a pulse IE 
is generated a short period after each mains voltage supply 2ero crossing and this pulse latches the 
currently-available acceleration term A into a second store 18. 

2B Modern washing machines cater for several different drum speeds. For example these may be selected 
from three different wash or rinse speeds, the aforesaid given apoed, and up to four spin speeds with 
perhepa an additional "variable spin" spaed range- Also, of course, there Is the zero speed for the stop 
signal. The selection of the required speed (target speed) may be made manually or by an automatic 
program control unit and it is assumed that these target speeds are received as a parallel five-bit code on 

30 target speed signal input terminals 19. These speed signals are decoded into the specific speed functions 
required In a S-bit ROM (read-only memory) 21 and each of the speeds ia coded in a second ROM 22 into a 
7-bit target period PT which is the period of the tachogenerator output frequency when tha motor is 
running at the target speed. The value of PT is represented by the number of clock pulses that would occur 
during the period concerned using the same clock frequency as that used to measure the value PM, having 

as rsgard to tha appropriate division ratio of divider 14. Typical division ratios and values of PT for various 
drum speeds will now be described for a particular ambodiment of a washing machine in which the 
tachogenerator had four pole pairs, its output frequency thua being four times the rotational speed of the 
motor. The motor was coupled to the drum in such a manner that one revolution of tha drum required 12.5 
revolutions of the motor. Table I shows typical drum speeds, In revolutions per minute (rpm), over the 

40 range used in practice. Not all these speeds are necessarily uaed in any one washing machine, of course. 
Table I also shows the corresponding motor speeds, tachogenerator frequencies, the chosen divide ratio 
for divider 14, and the values of the target periods PT determined on the basis of a 2,5 kHz clock pulse-rate, 
i.e. each PT unit represents 0.4 mS. 
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TABLE I 





Drum speed 
(rpm) 


Motor spaed 

(rpm) 


Tacho F. 
(Hz) 


Divide 
ratio 


1 PT 
(units) 


Wash 1 


25 


312 


21 


1 


120 


Wash 2 


35 


437.5 


29 


1 


86 


Wash 3 


52 


650 


43 


1 


58 


Out of 
balanca test 


82 


1025 


68 


1 


37 


Spin Var, 


400 


5000 


333 


16 


120 


Spin 1 


600 


6250 


417 


16 


96 


Spin 2 


700 


87SO 


583 


16 


69 


Spin 3 


900 


11250 


750 


16 


55 


Spin 4 


1100 


13750 


917 


16 


44 



25 

In addition to Wash speeds 1 to 3, our of balance test speed; and Spin speeds 1 co 4, Table I also shows 
the minimum speed (Spin Var.) of a variable speed range which may, in some washing machines, be 
adjusted manually. The tachogenerator frequency is shown in two ranges, namely 21 to 68 Hz and 333 to 
917 Hz. The frequencies in these two ranges are divided by unity and 16 respectively, and hence provide a 

30 maximum period PT of 1 20 units for each caae. In some cases, intermediate drum speed indications may be 
used, in which caae divider 14 would be sot to divide by eight ao that the longest period PT is again 120 
units. The reason for such division is two-fold. Firstly, the overall drum speed range can be of the order of 
fifty to one (44:1 In the example given in Table I) and it would be difficult to maintain a comparably close 
speed control over the whole of this wide range. Secondly* the maximum value of 120 for PT can be 

55 represented as a 7-bit binary number and, hence, limits to a reasonable level the required capacities of the 
counters' and stores used. 

It Is also to be noted from Table I that the fastest speed required is represented by a PT value of 37, that 
la to say that the overall speed range of 44:1 hBa been reduced to 120:37 — i,e. to leas than 3-1/4:1. 
Each PL pulse sets the appropriate selected value of PT in a dawn-counter 23 which, under the control 

40 of 2,5 kHz clock pulses CP1, then down-counts from PT by the value PM between that PL pulse and the next 
PL pulse to produce an error term E-PT-PM. The next PL pulse latchea the value (PT-PM) with its 
appropriate sign into a atore 24 which stores the error term E. Thus the magnitude of this term depends 
upon the change in speed required to achieve the target speed and its sign denotes whether a speed 
increase (-) or decrease (+) is required* 

as Aa explained above, an LEOoad error) pulse is generated a short period (e.g. 100 \iS) after each mains 
crossing. This pulse ia used aa the signal to start computing and combining functiona derived from the 
acceleration and error terms A and E respectively to produce an exprasaion F1IPM'~PM)+F2(PT-PM). 

This LE pulse, having a duration of 12.5 mS for example, cauaea the error term E. together with its sign, 
to be paaaed in parallel into an up/down error counter 25. Simultaneously, aa described above, the 

so application of the same L£ pulse to store 18 latches the corresponding value of the acceleration term a into 
store 18. 

In order to derive the function F2(PT-PM), the value of (PT-PM) is truncated to a relatively low 
predetermined value if (PT-PM) exceada this value. In some cases, the predetermined value may be 
selected in dependence upon the selected target speed. The reason for such truncation is ihat experiments 

55 have shown that only a low value error function is needed to give a very smooth and accurate speed 
control. In a practical embodiment of the arrangement being described, it was found that all the varying 
requirements for drum speeds and acceleration rates could be met if the value of F2(PT-PM) never 
exceeded a few unite. Thus, for example, if (PT-PM) haa the value 0, 1 or 2. then this value is passed to 
error counter 25, If the value exceeds 2, however, it is truncated to 2, The truncation level that is selected 

so depends upon several factors which will vary from machine to machine and from manufacturer to 
manufacturer. The selected level depends, for example, upon the motor characteristics and power, on the 
speed range, on the load variation to be cov red, on the tachogenerator output frequency relative to the 
motor spaed, on the clock rate used to measure the period PM, on the rate at which the firing angle of the 
switch is controlled (e.g. once per cycle or per half eyelet and on the size of the steps which control the 

ss firing angla. in the practical embodiment, the firing angle was controlled in avery half cycle of the mains 
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voltage supply, the control phase angle step size was 0.4S° (i.e. 400 steps per 780"), and the required drum 
speed range extended from Wash 2 (35 rpm) to Spin 4 (1100 rpm). With some motors and spaed ranges it 
has been necessary to use a different truncation level for (PT-PM) and in some embodiments three 
different truncation levels were used in dependence upon which of three predetermined speed ranges 
included the particular target speed required, In one case, optimum control conditions were achieved in a 
more complex manner by truncating (PT-PM) to 4 and then halving to the nearest upper unit if (PT-PM) 
were equal to 2. 3, or 4. thus the values in this case were:— 

(PT-PM) 0 12 3 4 

F2IPT-PM) 0 112 2 



The way in which the less complex truncation is achieved in this embodiment will now be described 
whereafter it will be evident to those skilled in the art that more complex truncations can be achieved bV 
i5 for example, altering relative clock rates. 

The sequencing and timing of the various control operations te controlled by an error load control unit 
26 provided with parallel target speed decode information from ROM 21 at a group of speed decode inputs 
SD, with a 40 kHz clock pulse input CP2, and with mains supply zero crossing instants at an input MZX The 
MZX input signal comprises a 12.5 pS pulse which is provided each time the mains supply voltage passes 
20 through zero, i.e. at the beginning of avery half cycle of the supply frequency. Means for deriving such zero 
crossing pulses are very well Known in the art and need no further description herein. 

Unit 26 has four puisa outputs respectively referred to as LE. LEP, LA and LAP. the first of which (LE) 
has already been referred to and follows shortly after each mains rem crossing pulse received on input 
MZX, This LE pulse is followed by an LEP (load error period) pulse the length of which determines the 
2s truncation level for (PT-PM). Thia is followed by a short LA (load acceleration) pulse which, in turn, is 
followed by an LAP (load acceleration period) pulse having a length which is determined by the target 
speed setting received at speed decode Input SO. Thus unit 26 is a simple sequencing circuit. 

The count rata of arror counter 25 is controlled by 90 kHz clock pulses CP3 via a count enable lead CEN1 
from a variable divider 27 the division ratio (1, 4. 8, or 16) of which is controlled in dependence upon the 
30 required target speed v/4 a speed decode input SO. 

Outputs LEP and LAP of unit 2fl are fad to control inputs of a firing angle control decoder 29 having a 
. (count enable) output connected to an input of a firing angle upVdown counter 29. Error counter 25 is 
provided with an all-zeroa detector 31 which gives a "count discontinue" signal on lead CDIS to counter 29 
each time counter 25 counts up or down to the all-zeros state. Error counter 25 counts up or down 
w (depending upon the sign from counter 24) by the value (PT-PM), at the 80 kHz rate of clock pulses CP3 if 
t the division ratio of divider 27 Is equal to unity, until it reaches the ail-zaroe state. Simultaneously, counter 
29 is enabled by an enabling pulse on lead CEN3 derived from the load error pulse LEP input to decoder 28 * 
Counter 29 counts at the CP3 clock pulse rate (80 kHz), the direction of count being controlled by the 
up/down (+/- sign) signal from counter 25 on lead u/d. 
4o ^ The abovementioned truncation of the value of (PT-PM) to 2 or less will now be described. If (PT-PM) 
is zero, then the all-zeros detector 31 responds to the zero state of counter 25 aa soon as an input LE 
clearing pulse disappears, The resulting signal on feed CDIS inhibits counter 29 which, therefore, does not 
change its existing count state (hereinafter referred to as CI In a similar fashion, if (PT-PM) is equal to 1 or 
2, then the stored value C in counter 29 is correspondingly incremented or decremented by 1 or 2 
46 respectively before the detoctor 31 inhibits the count. The length of the enabling pulse on CEN3 is 
determined by the length of the load error period pulse LEP and this is set at such a iBngth in the present 
example that only two pulaea at the CP3 rate can be fed to, and counted by, counter 29 in this period. Thue if 
tne value of (PT-PM) is greater than two, no more than two pulaea can ba counted by counter 29 aven 
though error counter 25 may still continue counting to zero. 
so Aa explained above, the length of the LEP pulse may have different values to meet different 
circumstances and may. if required, be made dependent upon the required target speed setting indicated 
on the SD inputs to the control unit 26. 

Th8 LEP pulsa Is followed by an LA pulse from control unit 26 and, inter alia, this pulse clears the 
aeteaor 31, clears the contents of atoro 17 (to ensure that the value of (PM'-PM) therein which is stored In 
53 store 18 by the preceding LEP pulse cannot be used again), and loads the value of (PM'-PM) and its sign 
stored in store 16 into the error counter 25. 

In a particular practical emb diment of a washing machine including a control arrangement according 
ro me invention, the arrangement waa so arranged that th value of (PfvT-PMI was truncated to 4 if it 
exceeded 4 and was then multiplied by a factor of 4, 8. or 16 selected in accordance with the particular 
so arget speed concerned. Table II shows the drum speeds concerned divided into three speed groups and 
the selected values for the function Fl (PM'-PM). 
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TABLE II 
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la MOW 

1 argai 




/PM'-PMt 

\rivi rvtjf 


\A 1 1 If i nlvii 
IVlUJlipiy lily 




group 




/4- nr —1 


ii mi iwakuU 1U 


I4WLU1 


pi (PM'-PM) 






a 


0 




0 




Wash 2 


1 


1 




4 


I 
i 






2 

mm 


A 

*♦ 


a 
□ 




Wash 3 


3 


3 




12 






4 


4 




16 






a 


0 




0 




Out of 


1 


1 




8 


11 


balance test 


2 


2 


8 


16 




Spin 1 


3 


3 




24 






4 


4 




32 






0 


Q 




0 






1 


1 




16 


111 


Spin 4 


2 


2 


16 


32 * 






3 


3 




48 






4 


4 




64 



25 It can be 3een from Table II that the value of the function Fl (PM'-PM) varies from a relatively low number 
In the case where bath the current acceleration and the target speed are relatively low, to a relatively high 
number for the highest target speed where the current acceleration ia relatively large. Thus the degree of 
control is proportional to the target speed as well as (a the current acceleration. Thus if we cake an example 
where the motor is running precisely at the required target speed in any speed gfaup, the value of 
3o F1(PM'-PM) is zero. If the speed then change* very slightly, then (PM'-PM) will become 1 and a speed 
correction factor of 4, 6. or 16 will be applied in the control loop, depending upon the speed group 
concerned, such that the higher the target speed and acceleration, the greater the correction factor chat 
needa to be applied In order to provide a corresponding correction rate over the range. 

The way in which the function F1 (PM'-PM) as defined by Table II is derived in the embodiment shown 

35 in Figure 1 will now be described. 

After the termination of "load acceleration" pulse LA, the error load control unit generates an LAP (load 
acceleration period) puiae having a period which ia partly determined by the truncation level (4 in this case) 
and also by the speed group (Table II) and, hence, the multiplying factor. To deal with the multiplying factor- 
first, this ia achieved by the variable divider 27 which reduces the count rate of error counter 25 by 4, a. or 

40 16 tn dependence upon the speed group concerned as defined by the speed decode input SO in accordance 
with Table IL Thua error counter 25 counts at 20 kKz, 10 kHz. and S kHz in response to the selection of a 
target speed in spaed groups I, II, and III respectively of Table II. The period of pulse LAP is the product of 
the multiplication factor, the truncation level (4), and the period of one cycle of the 60 kHz clock pulse CP. 
Thua if we first taka an exapmle where the value of (PM'-PM) is equal to or greater than 4 and the 

45 required target speed is in group 2 (multiplication factor 8), then pulse CEN3 is only of sufficient length to 
enable counter 29 to count 32 pulses of the 80 kHz input CP3 clock pulses. During this period, counter 25 is 
counting up or down attha rate of 10 kHz and, since the value of (PM'-PM) Is greater than 4, it will not have 
reached its zero count and, hencs, detector 31 will not have operated The value of F1(PM'-PM) is thus 32 
and firing angle counter 29 will have counted up or down by this number. 

50 If now we take an example where che value of F1 (PM'-PM) is 3 and the required speed group is ML then 
divider 27 la set to divide the CP3 clock rate by 16 so that error counter 25 counts up or down by 3 at the rate 
of 5 kHz. Since counter 29 is simultaneously counting at the 60 kHz rate, it will have counted 48 in the 
appropriate direction during the same period, at the end of which the error counter 26 has reached the 
all-zeroa state and detector 31 immediately inhibits counter 29 so that it cannot further change its count 

ss value, 

It haa been assumed that the count value in firing angle counter before computing and combining the 
acceleration and error term is C Thus the new count value C in firing angle counter 29 is now 

C=C'+F1(PM'-PM)+F2(PT-PM), 

flo 

this being the equation of the control loop. The value of C and C are directly proportional to the respective 
firing angles of the switch 6 and the equation holds squally true if C and C are the actual firing angles but 
the functions Fl and F2 would be different from those described above. 

From the above values for the clock puis frequencies, and the maximum values for PT and PM (limited 
65 to at most 127 by che use of a 7-bit counter 15), it will be appreciated that the value for C is calculated in the 
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first millisecond of each haif cycle of the a.c. mains voltage supply. The value of each unit of PM and PT is, 
for example, equal to 1/400 of a half cycle of the mains voltage supply, that is to say a firing angle step of 
130/400=0.45". To relate devalue C to an actual firing point in the haif cycle for the switch 6, the mains zero 
crossing signals MZX are applied as reset and start pulses to an up-counter 32 which counts at the 40 kHz 
5 rata due to clock pulses CP2. If the mains supply frequency is 50 Hz, then counter 32 counrs up from 0 to 400 
in each half cycle. The count value of counter 32 is fed in parallel an a continuous basis to one input of a 
digital comparator 33 and the value of C in counter 29 is fed to the other input of comparator 33. When the 
count value in counter 32 reaches the value C, comparator 33 provides a short output pulse signal which is 
latched by a latch circuit 34 which operates a 100 pS pulse generator 35. The 100 u$ pulse is fed to a fail 
to alarm gate 36 which enables onward transmission of the Firing pulsa only, If no fault signal is present on its 
input 37 from a fail signal generator 33 which detects various failure conditions during operation of the 
apparatus, The signal from gate 36 is then fed via a suitable buffer circuit 33 to the firing electrode 12 of 
switch 6. Thus the higher the value of C, the later in each half cycle of the mains voltage supply is the switch 
6 fired and. hence, the less energy is supplied to motor 1. 
is The values of the acceleration and error terms in the above-described control loop ara relatively small. 
There are several reasons for this. Firstly the loop is controlled in every half cycle of the main supply, e.g. at 
least one hundred times a second, whereas it is desirable that several seconds are taken to change from 
one speed to another in order to avoid jerking of the drum. Thus the number of progressive control 
changes is large and, therefore, each can be relatively small. Secondly, the smaller the change in C between 
20 successive cycles, the smoother the transition from one speed to another, Thirdly, the lower the numbers 
concerned, the less time is occupied far the necessary computations at the beginning of each haif cycle. In 
this connection it is to be noted that the 1 mS maximum period taken for the computation is a "dead" 
period as far as the firing angle control is concerned- This is because the motor current lags the applied 
voltage by about this amount in a typical case and, therefore, there is no point in firing the switch before the 
22 currant can rise in the circuit, Also, of course, there would be no point in firing the switch until the voltage 
across it has risen to a value sufficient to maintain it In the conducting state when the firing pulse is 
finished- Further, the firing pulse should not bo too early in the cycle because the switch, ia not fully 
switched of until a short time following a mains zero crossing and it ia not desirable to fire the switch before 
it cornea out of conduction because the effect of the control loop would be lost in the early stages, 
20 A "dead" period of 1 mS Is sufficient for these purposes and. since this period occupies 40 count steps 
of counter 32, the minimum usable count value of counter 29 Is 40. Similarly, at the end of each half cycle of 
the mains supply frequency, the slope of the ainewave is so steep that substantially no power would be fed 
to motor 1 if thyristor 12 were fired right at the extreme and the-half cycle. Thus the maximum permissible 
value for counter 29 may be set at, for example. 390, 
j5 In order to ensure that counter 25 stays within these limits (40 to 390), an end stop decoder 41, which 
may be for example be en autocorrelator, correlates the count value in the counter with the fixed end stop 
values of 40 and 390 stored in a read only memory forming part of decoder 41 and gives an output signal if 
either count value is detected. This output signal is used to inhibit the operation of decoder 28 which, in 
turn, cuts off the count enable pulse CEN3 and hence prevents counter 29 from counting beyond the 40 and 
40 390 limiting count values. 

If the control arrangement is operating to maintain the motor speed constant and. for example, the 
spaed decreases slightly for any reason, then the value of PM increases and the acceleration and error 
terms both decrease- Thua the firing angle ia reduced and therefore more energy is applied to the motor to 
restore its speed. The values of the terme given in Tables I and II wore chosen inter alia to give a very 
45 smooth speed control when maintaining the speed constant at any given target speed. As explained above, 
the actual values depend on several factors which include the motor characteristics. If the values are too 
large, then the motor tends to hunt to each side of the target speed in what is generally reiarrBd to in the art 
as a "lively" manner. If the values are too small then the control loop becomes too slow in action. Also, the 
relationship between the values of the two functions is important, the acceleration function having a larger 
so range of values. 

If a command is received to change the apeed from, for example. Out of balance test speed (PT=37) to 
Spin 1 apeed (PT=>96), then the Spin 1 PT value (96 from Table I) is loaded into ROM 22 but this value cannot 
be loaded into counter 23 until the next PL pulse is derived from the tachogenerator 9, Simultaneously, the 
division factor of divider 14 ia altered from unity to 1 8 (Table II, Thua. the next PL pulse will be delayed by 1 6 

5<j periods of the tachogenerator 9; i.e. the affective tachogenerator period count would then be 37xl6=-592 
and this results in aeven-bit d wn-coumer 23 counting downwards to its maximum negative value. Hence 
the value of (PT-PM) in store 24 also has the maximum negative value. The error term will have its 
maximum negative value for quite a few cycles whilst the drum speed is increasing — in fact until the value 
of PM is 93. Meanwhile, the first acceleration term would also have had its maximum negative value since 

so down-counter counted from +37 to fts maximum negative value of -127 in response to the 592 input 
pulses from CP1. This only happens the once during a speed change, however, and is of no significance. In 
the next PL counting period, the up and down counts af counters 16 and 18 respectively reach their 
maximum and, hence, PM'=>PM and (PM'-PM)-Q. This continues until the value of PM comes within 
range of the counters, i.e. 127. 

S5 Up to this point Therefore, only the error term (=4) causes the speed increase and this gives a smooth 
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but rapid speed increase. When the value of PM falls to 127 or below, the acceleration term comas into 
effect and assumes normal control. In this case, it will tend to oppose, but not overwhelm, the error tarm 
and will therefore alow up the accalerati n in a controlled manner. This slowing up affect gives a smooth 
acceleration curve up to the required level because the acceleration is smoothly raduced to zero at the 

5 required drum speed. 

It can readily be appreciated that a similarly smooth control will be provided by the arrangement when 
changing the drum speed from any speed to other target speeds and that this smoothness is achieved by 
controlling the energy supplied to the motor in dependence upon a function of the target speed and also on 
a function of the acceleration. 
to Instead of having predetermined fixed spin (or other) speeds, a variable speed control may additionally 
or alternatively be provided by a manually adjustable potentiometer 10 which can be adjusted to provide 
any voltage between zero and a reference voltage Vref to the input of an analogue-ta-dlgital converter 20. 
The digital output of converter 20 is fed to the input of ROM 22 to control the PT value of the output of ROM 
22 In the same manner as ROM 21, 
ts The foregoing description describee the basic operation of the control loop when going from one 
speed to another. In practice, however, before starting to increase speed from any spaed (including zero) to 
a spin speed, it is first desirable to go through the distribute cycle as explained above. If the clothes are 
unevenly distributed when the drum speed is being increased to a spin speed, any out of balance of the 
drum caused by the uneven distribution can cause excessive vibration of the drum and result in serious 
so damage to the washing machine, For this reason, if the distribute cycle is not selected manually, it is 
automatically generated. whan the drum speed is required to be increased to a spin speed. 

In the distribute (0) cycle, the drum speed. ia steadily increased from a wash speed to a sufficient speed 
for the centrifugal force to balance gravity and hold the clothaa against the drum. This given speed is 
typically in the range 75 to 86 r.p.m. for domestic washing machines and in the ambodiment given in Table 
25 I the target period PT for a given speed of 82 r.p.m. is_37, 

When going from a wash speed, a.g. with a target period PT=5B, to the given speed (e.g. PT =37), the 
target period is decremented one siap at a time at regular intervals* The time intervals are fixed In 
dependence upon the required total period for the change from one speed to the other and upon the 
difference between the Wash and "given" PT valuae — La. 58—37=21, This slow change of the speed with 
3a respect to time is referred to in the art as the distribute ramp. 

The way in which the distribute ramp is provided will now be described with reference to Figure 2, in 
which items common to Figures 1 and 2 are given the same reference numerals. 

The unit decrements are each controlled with respect to time by an 8-blt counter 51 which counts 
meins frequency zero crossings MZX up to its maximum capacity which, at a mains frequency of 50 Hz. 
33 amounts to a full count period of 2,55 seconds. This period is the maximum possible duration of the ramp 
and is longer than would normally be required for each unit decrement of the target speed. The actual 
period of each unit step is therefore determined by. an 8-bit step decoder 52 which holds an 6-bit code 
corresponding to the count value in counter 51 that provides the required step time. Counter 51 starts 
counting on receipt of a D or SS command from a control gate 53, Each time it reaches the count value in 
40 decoder 52 the latter provides an output pulse and resets the counter 51. Alternatively counter 51 could be a 
ring counter which cyclically counts to the required value and then starts again. 

Each decrementing pulse is used to decrement a down*counter 54 inserted in series between the 
second ROM 22 and the (PT-PM) down counter 23. This additional down counter is not shown in Figure 1 
since it is only used aa a counter when a distribute ramp is required. In all other cases its counting action is 
4S inhibited by the control gate 53 since no D or 55 signal is present. Thus in all other cases it passes the input 
number from ROM 22 direct to down-counter 23, Thus during a distribute cycle, counter 54 counts down in 
unit atepe of controlled duration from the Wash speed target period (58) to the given spaed target period 
(37). These changes cause a corresponding change In the firing angle in the manner described earlier 
above. 

so When the counter 54 reaches the required given target speed (PT=*37), this value is correlated with the 
seme value (37) in a correlator 55 which gives a "ramp completed" output signal. Correlator 55 is also 
enabled by the D/SS signal from control gate 53. For the purposes of the following explanation, only the 
wash (W), given (D), and spin (SS) speeds are relevant and only these are shown as the command signals 
from ROM 21 to ROM 22. 

55 The output signal of correlator 55 would normally be used to switch the washing machine to the spin 
cycla. However it ia used here to start an out of balance (hereinafter referred to as OOB) test which carries 
out a test cycle capable of detecting any material OOB before allowing the spin cycle to be started. If an 
OOB condition is detected within a given period (for example two seconds!, then the machine is stopped (in 
■ order to allow the clothes to fall to the lower part of the drum) and then a further distribute cycle fs given 

$o followed by a further OOB teat cycle. This OOB teat not only has the advantage that it protects the washing 
machine from damage by OOB loads but also has the advantage that it may permit simplification of the 
drum suspensions since less neroua conditions are imposed thereon. 

In order to Initiate the QOB taat, the "and of ramp" signal from correlator 5G enables an ANO-gate 56. 
the SS signal being present but a "spin enable" signal SE is not present (and "SET* 1) since the spin cycle 

63 cannot yet be commenced. The output of gate 56 is fed to an inverting D input of a delay flip-flop 57 clocked 
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at the 40 kHz rate— the clock inputs of the variety delay flip-flops not being shown in tha Figura. Tha Q 
output of flip-flap 57 goes to a "0" at tha next clock pulse and this "0" signal inhibits two AND-gates 58 and 
59 with tha result that tha output of a combining OR-gata 61 is also "0", This "0" signal at an inverting D 
input of a further delay flip-flap 62 causes the Q output thereof to go to "0" and hence remove the 
5 previously existing "1" at Che reset input of a mains zero crossing counter 63 fed with mains zero crossing 
pulses MZX. Counter 63 is therefore enabled and starts to count up. The count state of counter 63 is 
monitored by four correlators 84, 65, 66, and 87 each of which gives a change in its output signal when the 
count state in tha counter reaches the respective values preset in the correlators. The function of these 
correlators will be described later below. 

to If the drum still has an OO0 load despite the distribute cycle, then It will not be rotating at the fixed 
given speed (PT=37) but will have a cyclically changing speed. If this speed changes by more than 6%. far 
example by 10% from the required given speed, then this is indicative of a possibly dangerous GOB 
condition. This condition will cause the PM count in PM up-counter 16 (also Figure 1) to Increase to, say, 
PM=41. This value 41 is preset in an OOB correlator 68 which is In the enabled state due to the enabling 

is input from gate 66 and due to the fact that an MS (motor stopped) signal on the reset input is at "0" due to 
the fact that the motor is still running. This output signal signifies an OOB test fall condition and is used to 
set a set-reset flip-flop 69 to give a "V" at its Q output — this output farming a machine reset signal MR. 

It is to be noted that this test, as will be explained below, has a limited time period and it is assumed 
that the OOB has been detected within this time period. 

20 The reset signal MR resets the firing angle counter 29 (also see Figure 1), enables an AND-gate 71, 
inhibits an ANO-gate 75, and via the fail decoder gate 38 inhibits ANO-gate 36 at Its inverting input 37 so 
that no firing pulses can be forwarded to switch 6. The motor is. therefore stopped. The MR signal 
appearing at an input of ROM 21 forces the Wash command W to be fed to ROM 22. Thus the command 
signals SS and D are removed and the circuits which control the distribute ramp and the OOB test cycle are 

25 inhibited. 

The motor has been stopped to allow the clothes to fall in the stationary drum so that they can 
rearrange themselves during a fallowing distribute cycle. The tachogenerator 2 has a zero output voltage 
and this causes an MS (motor stopped) signal to be given in a manner not shown. This MS signal inter aiia 
resets the OOB fail correlator 68 and inhibits gate 56 with the result that a "0" appears at the outputs of g ate 

30 81 and flip-flop 82 are "0" and, therefore, the reset Input to counter 63 is removed. Thus the latter 
recommences its count cycle. When it reaches 20O, for example, which gives a waiting time of 2 seconds 
during which the motor remains stopped to allow the clothes to fall, correlator 66 responds to this count 
value preset therein. Its "1" output enables gate 71 and, via an-OR-gate 72, a delay flip-flop 73, the OR-gate 
61 and flip-flop 82, routes the "V to the reset input of counter 83 and holds the counter reset at zero count. 

35 Tho "1" output of correlator 66 also resets flip-flop 69 and, hence, removes the MR signal. With the MR 
signal removed, tha firing putaee are again fad to the switch 6 and the motor is restarted. This, in turn, 
removes the signal MS and the control loop now operates to bring the motor up to the wash speed and 
then to the given speed, after which the OOB test is repeated. 

It will now be assumed that the clothes have been evenly distributed in such a manner that the OOB 

40 rest does not fail, At the and of the distribute ramp, correlator 55 is enabled and. as a result, a "test time 
complete" correlator 67 ia prepared and counter 63 starts counting, This time the OOB test is passed and 
therefore the counter continues to count until it reaches 200 (I.e. 2 seconds at 50 Hz), whereupon correlator 
67 is enabled and gives a "spin enable" output signal SE to enable the spin cycle to commence. This SE 
signal appearing at a control input to ROM 22 now allows the Tatter to provide the spin PT value at its 

45 output, this value then being loaded directly Into down counter 22 via down counter 54 which now acts 
merely as a buffer and has no effect on the operation. 

Thus, having checked that there is no dangerous OOB. the arrangement now proceeds with the spin 
cycle in the manner previously described with reference to Figure 1. 

If, for any reaso n, tha motor fails to start or stalls (e.g. due to excessive overload), the MS signal is 

so generated. Tha MS»0 signal input disables gate 58 and, as a result via OR-gata 61 , counter 63 is enabled to 
start counting. Whe n It r eaches its maximum count (9 bits at 60 Hz gives 2.65 seconds), stall-time correlator 
66 Is enabled. Since MR-1, AN D-gat e 75 goes to "1'\ and the'CT output of flip flop 73 goes to "V at the next 
clack pulse. Since both MS and Mft*1, an AND-gate 74 is enabled and this. In turn, causes the fall decoder 
38 to stop the feed of firing pulses to switch 6, Thus the power feed to the motor is stopped a little over 2-1/2 

55 seconds after the motor stops for any reason, thus providing a very important safety feature under fault 
conditions. Further gates, not shown, are arranged such that the system can only be reset to normal by 
switching off the mains supply to the washing machine. 

When the motor is initially switched on, the firing angle is such that substantially no power is fed to the 
motor in tha first half cycle. The control loop decrements the firing angle count at the rata of about 2 counts 

so (0.9* of conduction) in each half cycle (10 ms) period and the conduction angle slowly increases until the 
9ystem measures the desired acceleration rate towards the target speed, 

It has been found that thia gives a somewhat long time delay and noise from tha moror In the period 
before it builds up sufficient torque to start. A faster start up system has therefore been provided in which 
the conduction angle is increaaad at a faster rate than normal control just for the few cycles of the mains 

55 frequency whilst the motor is building up the starting torque. 
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Tha start up sequence consists of decreasing the firing angle by X° in each half cycle for N cycles and 
then activating the normal loop control in order to allow the acceleration term to dampen the response, 
Typically, X=9 B or 18° and N*4. 

The operation of the circuit is aa follows. When the mains ON switch is operated, a d.c. power supply is 
5 provided for tha logic circuits and the motor stopped signal MS is provided until tho motor has started and 
the tach oge nerator haa reached a given minimum output voltage, 

Tha MS=0 input to gate 58 causes a "0" to be applied to the reset input of counter 63 which, therefore, 
starts counting the zero crossings MZX When the start up cycle is commenced, a start up enable signal ST 
is fed to the enable Input of correlator 64 which accordingly provides a start up period output STUP1 . When 
io the counter 63 has counted a predetermined number (far example 8) of the MZX crossings, correlator 64 
detects This count value and resets. Thus the correlator 84 provides a signal STUP1 which lasts for the start 
up period, of say. 4 mains, cycles, determined by correlator 84. 

Firing angle counter 29 is initially reset to its maximum permissible firing angle and counts down by a 
number which is defined by the length of the pulse CEN3 qe previously described. 
/5 Up counter 32 counts upwards from zero at each mains crossing. A count value decoder 81 sets when 
the count value is 2ero and resets when the count value reaches 10 counts of the 40 kHz clock input CP2. 
During this period, an AND-gate82 is enabled due to the "1" signal on each of its Inputs (MS=1) during the 
start up period. Thus an output signal STUP2 is provided to a latch 83 for the period of the ten 40 kHz 
pulaes, The output STUP3 of latch 83 overrides the LAP and LEP control inputs to decoder 28 (see Figure 1 ) 
2c and causes tha latter to provide a CEN3 signal for the period of tha ten 40 kHz pulsea. During this CEN3 
period the firing angle counter 29 therefore counts twenty pulses at the 80 kHz rate aa described above and 
the firing angle counter is therefore decremented by 20 (9° angle), 

Since the control of tha firing angle counter is taken over by latch 83, signal STUP3 is also used to 
disable the all-zero's detector 31 and error counter 25 via a respective inhibit input (not shown) on each. 
25 Thus at each mains zero crossing, the firing angle is decremented by 20 counts for the total number of 
mains frequency cycles determined by correlator 84. At the end of this period, correlator 64 removes the 
STUP1 signal and the firing angle control loop reverts to normal operation. The number of mains cycles 
occupied by the start up peHod ia chosen so that the motor is just starting at the and of the period and the 
MS signal therefore reverts to "0". 



Claims 

1. A motor speed control arrangement for a washing machine of the type having a laundry drum which 
jtf Is rotatable about a substantially horizontal axis by an electric motor which is provided with a 
tachogenerator having an a,c. output signal which ia proportional to the speed of the motor and. henca, of 
tha drum; the arrangement being arranged for connection to aatd motor and tachogenerator to form a 
speed control loop whereby the motor speed mav be automatically brought to a wash speed at which the 
laundry articles may be washed and then to a higher (spin) speed at which the articles may be at [east 
40 partially apin-drjed, the control arrangement being provided with means for causing the motor to drive the 
drum relatively aiowly through an intermediate distribute speed range to enable the articles to be 
distributed evenly around the drum to a given speed at which the articles have become retained in a 
substantially fixed position relative to the drum by centrifugal force bafora the control arrangement causes 
the motor spaed to Increase to tha required spin speed, characterised in that the arrangement includes 
45 means for maintaining said given speed far a given period, for monitoring tha actual motor speed, as 
represented by tho tachogenerator output signal, during this period and for giving an output signal if the 
tachogenerator output signal reveals that the motor speed changes during this period by more than a 
predetermined amount, which change in speed is indicative of an unbalanced distribution of the laundry 
articles around tha drum. 

so 2. A control arrangement as claimed in Claim 1, characterised In that the arrangement further includes 
means responsive to said output signal to cause the motor to reduce its speed at least to the wash speed, 
than to pass through the intermediate speed range to the given spaed, and then to repeat the monitoring 
operation to check that the articles are sufficiently evenly distributed around the drum to proceed to the 
apin speed. 

55 3- A control arrangement as claimed In either previous claim, so arranged that, if a said output signal is 
given, the motor is stopped for a time sufficient for the articles to fall to the lowest portion of trie drum 
before the motor speed is increased again to the wash speed and then through tha intermediate speed 
range, 

4. A control arrangement aa claimed in any previous claim wherein tha said predetermined amount is a 
so speed change of more than 5%. 

5. A method of controlling the motor speed of a washing machine of the type having a laundry drum 
which ia rotatable about a substantially horizontal axis by aaid motor which fs provided with a 
tachogenerator having an output signal which is proportional to tha speed of the motor and, henca, of the 
drum, a speed control arrangement being connected to said motor and tachogenerator to form a speed 

ss control loop whereby the motor speed may be automatically brought to a wash speed at which laundry 
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articles in tha drum may be washed and then to a higher (spin) spaed at which the articles may be at least 
partially spin-dried, the method Including the steps of driving tha motor relatively slowly from tha wash 
speed through an intermediate distribute spaed range to enable the articles to be distributed relatively 
evenly around the drum to a given speed at which the articles have become retained In a substantially fixed 

5 position relative to the drum by centrifugal force and subsequently increasing the motor spaed to the spin 
speed, characterised in that the method further includes the steps of maintaining tha motor speed at said 
given spaed for a given period, monitoring the motor spaed, as represented by the tachogenerator output 
signal, during this period, detecting whether the tachogenerator output signal reveaiathat the motor speed 
changes during this period by a given amount representative of unevenly distributed articles around (he 

jo drum, and preventing the motor from increasing its speed to the spin speed if such a motor speed change 
is detected. 

6. A method as claimed in Claim S, further including the steps of reducing the motor speed to zero, for a 
time sufficient for the articles to drop in the drum, if a said change in spaed is detected during the 
monitoring period, Increasing the motor speed through the intermediate speed range again, and then 
/5 repeating the monitoring and detecting steps. 

Patentansprtiche 



1< Anordnung zur Steuerung der Trommeldrahzahl ainer Waachmaschine mit im wesantlichen 
2Q horizontal gelagerter Waschtrommel, deren Antriabsmotor mit elnem Tachogenerator mit elnem 
Wechselspannungsausgangssignal versahen iat das der Motorgeschwindigkeit und daher der 
Trommeigeschwlndigkeit proportional ist wobai die Anordnung dersrt mit dem Motor und mit dem 
Tachogenerator verbindbar iat dass sich dabei aine Geschwindigkeitsateuerschleife bildet, mit der die 
Motorgeschwindigkeit automatlsch auf eine Waschgeschwindigkeit bai der die WSache gewaschen 
26 warden kann, und anschlfessend auf aine hohere (Schieuder-) Geschwindigkeit gebracht warden kann. bel 
dor die Wasche lumindeat teilwaise trockengeschleudart wlrd. wobei die Stauranordnung mit Mitteln 
ausgerustet iat, die den Motor dar Trommel verhaitniamiisslg langsam durch einen Verteilunga- 
geschwindigkaits-Zwischenbereich antreiben laasen, um der Wflacho die Mogllchkeit zu geben. sich bel 
ainar gagebenan Geschwindigkeit gleichmasslg uber die Trommel zu verteilan, wobei bai dieser 
30 gegebenen Geschwindigkeit sich die Wasche in ainer im wesentlichon fesien Position in bezug auf die 
Trommel durch Zantrifugalkrsft fixiBrt. bevor die Steueranordnung die Motorgeschwindigkeit auf die 
arfordarliche Schleudargeschwindigkeit arhoht dadurch gakennzeichnet daas die Anordnung Minel zum 
Agfrechterhalten diesar gagebenan Geschwindigkeit fur einen gegebenen Zeitraum, zur Messung der 
momentanen vom Tachogeneratorauagangsaignal dargestalltan Motorgeschwindigkeit in diesem 
3S Zaitraum und zum Auageben ainea Ausgangasignals anthait, wenn das Tachogeneratorausgangssignal 
angibt daas sich dla MotorgeBchwindigkeii in diasem Zaitraum um mehr als ainem vorgagebenen Betrag 
andert, und dleaa Gaachwindigkeits^nderung fur eine unausgewuchtata Varteilung der Waache in der 
Trommel bezeichnand ist. . 

2. Steueranordnung nach Anapruch 1, dadurch gekennzaichnet dasa die Anordnung welter Mine! zum 
40 Anaprechen auf das genannte Ausgangsaignal zum Raduzferen der Motorgeschwindigkeit zumindesr auf 
die Waschgeschwindigkeit und anschliesaand zum Umschaltan vom Zwiachengeachwlndigkeitsberaich auf 
die gegebene Geschwindigkeit und darauf zum Wiederholen der Sleueroperation zur Prufung enihalt, dass 
sich die Wfiache ausraichend glaichmdsaig in der Trammel verteilt hat um dla Schleudargeachwindigkait 
zu arreichen. 

45 3. Steueranordnung nach ainem odar mehraran der vorangehendan Anapruche in derartiger 
Aufstellung, daas bairn Auageben aines erwahnten Auagangaslgnala dar Motor fOr eine auarelchenda Zeit 
gestoppt wird, in der die Wasche zum niedrigstan Teil der Trommel fallen kann, bevor die 
Motorgaschwlndlgkait wi a dar auf die Waschgaschwindlgkait und anschlleasend uber den 
Zwjachengeachwindfgkaitaboraich arhoht wird. 

50 4. Steueranordnung nach ainem Oder mahreren dar vorangehendan Anspruche, dadurch gekenn- 
zaichnet dass der erw^hnta vorgagebene Betrag aine Gaschwindigkeitaandervng von mehr als 5% 
darstellt. 

5. Verfahren zur Steuerung dar Motorgeschwindigkeit ainer Waschmaschine mit im weaentlichen 
horizontal galagarte Waschtrommel, deran Antraibsmotor mit ainem Tachogenerator mit einem 

ss Ausgangsaignal auageruetet ist, daas dor Motorgeschwindigkeit und daher der Trommel geschwindigkeit 
proportional iat, wobaf eina Geachwindlgkeitastaueranordnung mit diesem Motor und dleaem Tacho- 
generator zur Blldung ainer Gaschwindlgkaitaateuerschleifa verbunden Iat, mit dar die Motorgeschwindig- 
keit automatisch auf ain Waachegeachwindigkeit bai der WMache in der Trommel gewaschen warden 
kann, und anachliaasend auf eina habere (Schleudar-) Geschwindigkeit gebracht werden kann. bai dar die 

$o Wfische zummdest teilwelsa trockengeschleudart wird, wobei daa Verfahren die Schrltte zum reiativ 
angeamen Hochlaufen des Motors aus der Waschgeachwlndigkeit ubar alnen Vertailungsgeschwindig- 
ke.ts-Zw.achanbereich enthelt, damit sich die Wasche verMllnismduiQ gleiehmesaig in der Trommel bei 
ainer gegebenen Geechwindigkait veneilen kann, bai der die WSach* In ainar im weaentlichen fesran 
Position in bezug auf die Trommel durch Zantrifugalkraft fixiert ist, und darauf die Motorgeschwindigkeit 

ss auf die Schleudargeschwindigkeit erhdht wird, dadurch gakennzeichnet dasa daa Verfahren weiter die 
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Schritte zum Aufrechterhalten dar Motorgeschwindigkeit bei dieaer erwfihntan gegebenan Geschwindfg- 
keit fGr einen gagebenen Zeitraum, zur Stauarung dar Motorgeschwindigkeit entsprechend dea Ausgangs- 
aignals dea Tachaganerators in diasam Zeitraum, zur Detektierung, wenn daa Ausgangssignai das 
Tachaganerators angibt, dass sfch die Motorgeschwindigkeit in diesem Zaitraum urn ainen gegebenan 

$ Betrag entsprechend ungleichmassig veneilter Wasche in dar Trammel andert und zur Verhinderung dar 
Erhohung dar Motorgeschwindigkeit auf dia Schiaudergeschwindigkeit anthalt. wenn aina darartige 
Motorgeschwindigkeitsanderung detektiart wird. 

6, Verfahran nach Anspruch 5, waiter noch mit dan Schrltten zum fleduzleran dar Motorgeschwindig- 
keit auf Null in elnem Zaitraum, die dazu ausraicht, dass dia Waacha in dar Trommel heruntarfSHt, wenn 

to eine erwahnte Gaachwindigkaltaflndarung im Steuerzeitraum detektiart wird, zum abermaligen Erhdhen 
dar Motorgeschwindigkait uber dan Geschwindigkeltszvvischenbereich, und anschliessend zur Wieder* 
hoiung dar Steuerunga- und DetektierungsschHtte enthalt, 

Rovondlcntiono 

is 1. Systeme de regulation da la vitesse da rotation d'un moteur pour un lave-linge du type comportant 
un tambour a linga qui peut roumar autour d'un axe en substance horizontal a I'interveniion d'un moteur 
alectrique qui est aquipe d'une generatrica tachymetrique produisant un signal da sortie en courant 
alternatif qui eat propartionnel a la vitesse du moteur at, par consequent, du tambour, la systeme atant 
destine h etre connecte au moteur at a (a gdneratrice tachymetriquo pour former une boucle de regulation 

20 de viteaae au moyen de laquelle fa vitesae du moteur peut atra amende automatiquemant a una vitasse de 
lavage a laquelle la linge peut aire lave, pule a una vitaase plus alewee (eaaorage) a laquelle le linga peut au 
mains atra partiallemant aecha par essorage. le systeme da regulation etant pourvu de moyana pour 
amener le motaur a entrafner ie tambour a una vitasse relativement lentement en passant par un aacteur de 
vitesae de repartition intermediate an vue de permettre la repartition uniforme du linga sur la contour du 

2S tambour, jusqu'a una vitesae donnee h laquelle la linga eat ratenu dana una position an substance fixe par 
rapport au tambour par la force centrifuge event que le svateme de regulation pone la vitesae du moteur a 
la vitasse d'aasoraga requiae, caracteria^ an ca que le systeme comprend dea moyens pour maintenir la 
vitesae donnee pendant une periode donnee, pour surveiller la vitesae reella du moteur, representee par (e 
signal da sortie de la generatrica tachymetrique, pendant catte perlode at pour produira un signal da sortie 
jo ai le signal de sortie de la generatrica tachymetrique montre que la vitesse du moteur varie pendant cane 
periode da plus d'une valeur predetermines, catte variation de vitesse indiquant une repartition non 
dquiiibrae du linga sur le contour du tambour. 

2. Systeme de regulation sulvant la ravandication 1, caracterise en ce qu'il comprend, an outre, un 
moyen reagissant au signal de sortie pour amener le moteur a require sa vitasse au mains jusqu'a la 

J5 vitaase de lavage, puis a passer par le sectaur de vitesse intermediate a la vitesse donnee, puis pour 
repeter I'operation de surveillance en vue de verifier si le linge eat repartl d'une maniere suffisamment 
uniforme sur la contour du tambour pour passer a la vitesae d'aasorage* 

3. Systeme de regulation suivant Tune ou I'autre des ravendicationa precadantes, concu d'una maniere 
telle que si un signal da aortie est emia, le moteur soit arrets pendant un laps de temps suffisant pour que le 

40 linge tombe dans la panie inferieure du tambour avant qua la vitesse du motaur 90it a nouveau accrue 
jusqu'a la vitesse da lavage at passe ensuita par le sectaur de vitesse intermadiaire- 

4. Systeme de regulation suivant Tune quelconqua dea ravendicationa pracedantes, dans lequel la 
valeur predetermines eat una variation da vitasse da plus da 5%. 

5. Proc6d6 de regulation de la vitesae du moteur d'un lave-llnge du type comportant un tamhour £ 
46 linge qui peui tourner autour d'un axe en substance horizontal a ('intervention du motaur qui est pourvu 

d'une generatrica tachymetrique produisant un signal de sortie proportlonnel ^ la vitesse du moteur at, par 
consequent, du tambour, un systeme de regulation de vitesse etant connecte au motaur at a la generatrica 
tachymetrique pour former una boucle de regulation de vitaase au moyan de laquella la vitesse du moteur 
peut atra aman6e automatiquement a une viteaae do lavage a laquelle le linge contanu dans le tambour 

so peut atra lave, puis a une vitasse plus alevee (d'esaoragel a laquelle la linge peut etre au moins 
partiallemant secha par eaaorage, le proced6 consiatant a antrainer le moteur relativement lentement a 
partir de la viteaae de lavage par un intervalle da vitesse de repartition intermediate afin da permettre au 
linge de se repartir d'une mani6re relativement uniforme sur la contour du tambour, jusqu'a una vitesse 
donnee a laquelle le linga est retanu dana une position en substance fixe par rapport au tambour par la 

53 force centrifuge, et a augmenter ult6rieurement la viteaae du moteur jusqu'a la vitasse d'essorage, 
caracterise an ca que le precede consiste en outre a maintenir la vitesae du moteur a la vitasse de 
repartition pendant une perlode donnee. a surveillar la vitesae du moteur. qui est represente par la signal 
de 9ortie do la generatrica tachymetrique, pendant cette perlode, a detector si le signal de sortie da la 
generatrica tachymetrique montre que la viteaae' du motaur varie pendant cane periode dans una masure 

60 donn6e representative d'une repartition non uniforme du linge sur la com ur du tambour, at a ampacher le 
moteur d'accaierer juaqu'a la vitaase d'aaaorage ai una telle variation de la vitassa du motaur est daieciae. 

6. Precede auivant la revindication 5, suivant lequel on reduit egalameni fa vitassa du moteur a zero 
pendant un laps da ramps suffisant pour qua fe lingo tombe dans la tambour si una telle variation da vitesse 
est detactee pendant la periode da surveillance, un augments la vitassa du moteur a nouveau an passant 

66 par le sectaur de vitesae intermediate, puis on repeta las operations da surveillance et da detection 
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